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PANEL FOR COVERING AND/OR
SOUNDPROOFING A WALL OF A VEHICLE

AND ASSOCIATED METHOD OF
MANUFACTURE

TECHNICAL DOMAIN

The following disclosure concerns a panel for covering
and/or soundproofing a vehicle, for example an automotive
vehicle. Said panel 1s particularly suited for covering and/or
soundproofing a compartment 1n an automotive vehicle such
as panels positioned under the roof or lateral walls.

BACKGROUND

There are many constraints on the interior panels of
automotive vehicles. Said panels must be lightweight to
optimize vehicle weight, they must be thermoformable to
follow the contours of the vehicle, they must eflectively
absorb acoustic waves and restrict interior vehicle noise,
they must comply with fire safety regulations, and must be
compact such as to avoid malformation over time. Few
methods exist for the manufacture of such material.

Patent application FR 2 3503 721 describes a method for
the manufacture of a panel that meets these constraints. Said
panel 1s composed of a central layer and two reinforcement
layers arranged on either side of the central layer. The central
layer meets lightness, flexibility and sound absorption
requirements, while the two reinforcement layers meet
mechanical strength requirements. In order to achieve this,
the central layer 1s made of a foam impregnated with a liquid
resin that 1s then cross-linked. The resin used 1s MDI (for
4-4" diphenylmethane diisocyanate). The upper face 1s cov-
ered with a protective layer designed to come 1nto contact
with a vehicle component, and a lower face 1s covered with
a decorative layer 1n order to improve the aesthetics of the
panel to the vehicle user. The resin contained in the foam
rigidifies when all layers are bonded during thermoforming,
such that the panel takes the desired shape.

However, the mechanical strength of the cross-linked
foam 1s not suflicient, requiring the use of especially ngid
reinforcement layers such as fiberglass. Fiberglass reinforce-
ment layers present problems in recycling the panel. It 1s not
unusual for part of the panel to be cut out to make an opening
for a glass roof on the vehicle. In such cases, the portion of
the panel removed for the glass roof 1s cut up and scrapped.
The presence of resin and glass within this waste restricts
recycling.

The method for manufacturing the panel presents further
constraints because the liquid resin 1s fed nto the foam by
seal rollers 1n order to impregnate the foam, then placed 1n
contact with a catalyst. The reaction of the catalyst with the
resin causes the release of volatile compounds (VOCS) 1nto
the air that can result 1n a foul odor that 1s unpleasant to
panel production workers. Further, the panel must be formed
before the resin cross-links, necessitating constant move-
ment of the production line. For example, 1 the assembly
line 1s stopped, the resin-impregnated foam starts to harden
before 1t goes 1nto a thermoforming mold, and the unfinished
parts must be scrapped.

The method of impregnating the foam with resin must
also be carefully calibrated for each series of parts because
the amount of resin 1n the foam 1s a crucial element. If the
foam contains too much resin, the resin will pass through the
decorative layer and be visible at the comers, defacing the
decorative layer. If the foam contains too little resin, the
panel will be too pliable and not have sutlicient mechanical
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strength. Perfecting the amount of resin for each series of
parts 1s a complex iterative process that requires a great deal
ol experience.

There 1s therefore a need for a new panel for the interior
of an automobile that meets the aforementioned require-
ments but with an improved manufacturing process.

SUMMARY OF THE DISCLOSURE

The present disclosure concerns a new material that meets
all of the above requirements, but the foam 1s impregnated
using a dry method, with no liquid impregnation.

An mitial portion of this disclosure concerns a panel for
covering and/or soundproofing a wall of a vehicle, the
aforesaid panel comprising;

a central layer formed by impregnating thermoformable
resin into a tlexible and porous material, then rigidify-
ing the thermoformable resin, and

two reinforcement layers arranged on either side of the
central layer,

impregnation of the flexible and porous material by the
thermoformable resin carried out deep within the flex-
ible and porous material by subjecting a powder from
the aforesaid thermoformable resin to an alternating
electric field,

the two reinforcement layers manufactured with a flexible
or semi-rigid material.

The disclosed embodiments thus vyield a panel for a
compartment within an automotive vehicle that i1s both
lightweight, thermoformable, soundproof, complying with
all obligations for safety and compactness. The tlexible and
porous material that forms the core layer may advanta-
geously be a foam made up at least partially of open cells.

The impregnation of the resin deep within the cellular
core of the foam and the use of reinforcement layers made
of flexible or semi-rigid materials improves the breakdown
of the resin and cohesion between the reinforcement layers
and the central layer. Reinforcing fiberglass layers are no
longer necessary, and the panel i1s henceforth easier to
recycle.

Problems with odor and the perfection of the wet fabri-
cation process are also eliminated with the dry method,
wherein the thermoformable resin 1s impregnated into the
flexible and porous material without using liquid. Thermo-
formable resin rigidifying can be carried out well after the
thermoformable resin has penetrated the material, eliminat-
ing the time constraints related to the drying of the liquid
thermoformable resin within the flexible and porous mate-
rial.

According to one embodiment, at least one reinforcement
layer 1s manufactured by impregnating a thermoformable
resin powder 1nto a second porous material by subjecting 1t
to an alternating electric field. Dry impregnated resins can be
rigidified at a later time; the reinforcement layers can be
manufactured by a method similar to that of the central layer
on an ancillary production line. Preferably, the second
porous material 1s a non-woven fabric with a synthetic fiber
base. Alternatively, the second porous maternial 1s a fabric
made of natural or other fibers.

According to one manufacturing method, the panel con-
sists of a decorative layer bonded by a heat-sealing layer to
the face of a reinforcement layer. Advantageously, the panel
also 1ncludes a protective layer bonded by a heat-sealing
layer to one face of a reinforcing layer.
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According to a second aspect, the disclosure describes a
method for the manufacture of a panel according to the
initial aspect wherein the method comprises the following
steps:

depositing a thermoformable resin 1n powder form onto

the flexible and porous material,

impregnating the thermoformable resin deep within the

flexible and porous material by applying an alternating
clectric field through the flexible and porous material,
and

bonding the thermoformable resin to the flexible and

porous material by softening.

According to a first embodiment of the manufacturing
process, the method comprises the following steps:

assembling a lower reinforcement layer onto a lower face

of the flexible and porous material prior to the step of
depositing a thermoformable resin, and
assembling an upper reinforcement layer onto an upper
face of a flexible and porous material prior to the step
of impregnating the thermoformable resin,

manufacturing the reinforcement layers using a second
porous material.

impregnating the thermoformable resin being capable of

impregnating the second porous materials of the rein-
forcement layers.
Said embodiment allows for the simultaneous impregna-
tion of the central layers and reinforcement layers.
According to a second embodiment of the manufacturing
process, the method comprises the following steps:
assembling a lower reinforcement layer onto a lower face
of the flexible and porous material after the step of
impregnating the thermoformable resin, and

assembling an upper reinforcement layer onto an upper
face of a tlexible and porous matenal after the step of
impregnating the thermoformable resin,

manufacturing the reinforcement layers using a second
porous material for each remforcement layer, the
method comprising the following steps:

depositing a thermoformable resin 1n powder form onto

the second porous material,
impregnating the thermoformable resin deep within the
tflexible and porous material by applying an alternating
clectric field through the second porous material, and

bonding the thermoformable resin onto the second porous
material by softening

Said embodiment allows for the modification of the
compound of the resin, and/or the flexible and porous
material, between the central layer and the reinforcement
layers.

Advantageously, the method comprises the following
steps:

assembling the second porous materials of the remnforce-

ment layers prior to the step of impregnating the
thermoformable resin, and
separating the two second porous materials after the step
of bonding the thermoformable resin by softening,

the step of impregnating the thermoformable resin being
capable of impregnating both of the second porous
materials.

Said embodiment allows for the fabrication of the two
reinforcement layers on a single production line.

According to one embodiment, the step consists of bond-
ing the thermoformable resin onto the flexible and porous
material by softening, comprising the following steps:

applying heat-bonding pressure to the tlexible and porous

material and
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4

releasing the pressure such that the flexible and porous

material reinflates.

Said embodiment makes 1t possible to disperse the resin
over the flexible and porous material and to bond the various
layers, taking advantage of the ability of the flexible and
porous material to partially resume the original thickness
thereof when 1t 1s no longer constrained, whilst being hot.

Said remnflation may occur immediately after leaving the
plant that applies pressure to the porous material, in order to
fabricate parts of a relatively thick semi-finished product
that will later be thermoformed. It 1s also possible for
reinflation to occur during thermoforming, taking advantage
of the available heat within the thermoforming plant,
wherein case parts of the semi-fimished products are not as
thick, and the fabrication facility simplified.

According to one embodiment, the step of depositing the
resin 1s performed by dispersing it over one face of the
flexible and porous material.

According to one embodiment, the steps for depositing
and 1mpregnating the resin are performed by localized
application. Said embodiment also enables the depositing
and 1mpregnating of the thermoformable resin 1n a localized
manner within the flexible and porous material such as to
create collapsed surfaces wherein the flexible and porous
material 1s not impregnated with resin or else impregnated in
an isuilicient quantity. Said waste surfaces can be cut out
later for some specific use, 1 order to create a sun roof, for
example. Said waste surfaces can be more easily recycled
than existing waste by separating the non-impregnated lay-
ers without fiberglass. In addition, this embodiment saves on
resin.

BRIEF DESCRIPTION OF THE FIGURES

The manner of implementing the contemplated embodi-
ments as well as the advantages deriving therefrom will be
clearly seen from the following embodiment, provided by
way ol non-limiting example, as a function of the appended
figures wherein FIGS. 1 to 3 represent:

FIG. 1: a schematic representation according to a cross-
sectional view of an interior panel of an automobile;

FIG. 2: a schematic representation of a process for manu-
facturing the panel 1n FIG. 1 according to a first embodi-
ment,

FIG. 3: a schematic representation of a process for manu-
facturing the panel in FIG. 1 according to a second embodi-
ment.

DETAILED DESCRIPTION

FIG. 1 shows a panel 10 with multiple layers for the
interior of an automobile 11-17. A central layer 14 1s framed
by upper layers 18 and lower layers 19. The central layer 14
1s directly surrounded by two reinforcement layers 13, 15.
The central layer 14 1s formed by impregnating 46 a ther-
moformable resin 21 deep within a flexible and porous
material 20 then rigidifying the thermoformable resin 21.
For example, the flexible and porous material 20 1s a
polyether foam formed at least partially from open cells with
a density greater than 5 Kg/m® In the description for this
embodiment, the term “foam” shall be used to designate the
flexible and porous material 20.

The impregnation 46 of the thermoformable resin 21 1s
carried out by applying an alternating electric field through
the foam 20. Each reinforcement layer 13, 15 1s bonded to
an external layer 11, 17 by a heat-sealing layer 12, 16. For
example, the heat-sealing layer may be a film, an apertured
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film, a powder layer or a heat-sealing wire. Preferably, the
heat-sealing layer bonded to the decorative layer must be
permeable to air when the foam requires acoustic properties.
The lower reinforcing layer 13 1s bonded to a decorative
layer 11 by a heat-sealing layer 12 and the upper reinforcing
layer 15 1s bonded to a protective layer 17 by a heat-sealing
layer 16. The reinforcing layers 13, 15 are manufactured
using a flexible or semi-rigid material. Preferably, the rein-
forcing layers 13, 15 are manufactured using a second
porous material 23, 63. For example, the second porous
material 23, 63 1s a non-woven fabric based upon synthetic
fibers, particularly polyester, with a mass surface density
greater than 10 g/m”. In the description for this embodiment,
the term “non-woven” shall be used to designate the second
porous material 23, 63.

FIG. 2 illustrates a first example of the embodiment of the
panel 10. A foam 20 1s wound at the start of the production
line 60 Said foam 20 1s unwound during the manufacture
process to form the panel 10. The first step 40 1s to collect
the foam 20 to make a roller change without stopping the
production line 60. The lower face of the foam 20 1s then
covered 41 with a non-woven 23 that forms the reinforce-
ment layer 13. The next step 1s to deposit 42 a thermoform-
able resin 21 1 powder form onto the upper face of the foam
20 to form the central layer 14. For example, the thermo-
formable resin 21 1s an epoxy powder with a granulometry
ranging between O and 100 um. The quantity of thermo-
formable resin 21 deposited 1s measured precisely, ranging
from 20 to 500 g/m” for example,

According to step 42 for depositing the thermoformable
resin 21, a non-woven 63 capable of forming the upper
reinforcement layer 15 1s added 43 to the upper face of the
foam 20. A heat-sealing layer 16 and a protective layer 17
are then added 44 to the non-woven 63 A heat-sealing layer
12 and a decorative layer 11 are also added 45 to the
non-woven 23 The product thus obtained 1s introduced 1nto
an impregnation chamber 30 containing higher 31 and lower
clectrodes 32 to create an alternating electric field through
the foam 20 and the non-woven 23, 63 to move the ther-
moformable resin 21 to the center of the foam 20 and the
non-woven 23, 63. Preferably, the amplitude of the alter-
nating electric field 1s between 500 and 5000 volts/mm,
preferentially between 1000 and 3000 volts/mm, at a fre-
quency of approximately 50 Hz. The impregnation chamber
30 thus allows the thermoformable resin to be uniformly
distributed 21 to the interior of the foam 20 and the non-
woven 23, 63. During impregnation 46, the presence of
heat-sealing layers 12, 16 sealed to the thermoformable resin
21 contains the thermoformable resin 21 mside the foam 20
and the non-woven 23, 63.

When 1t leaves the chamber 30, the product obtained
contains all the constituent elements of the final layers 11-17
with effective impregnation 46 of the thermoformable resin
21 1nto the foam 20 and the non-woven 23, 63. The product
obtained 1s heat-pressed 47 by calendering between two sets
of cylinders to spread the thermoformable resin 21 to the
core of the fibers and to bond the thermoformable resin 21.
The pressure 1s then released 48 under heat in such a way
that the foam 20 and can recover volume [sic]. To finish, the
semi-finished product 1s cut 49 to the desired dimensions
then stacked 50. To complete fabrication of the panel 10, the
semi-finished product i1s thermoformed 1n a thermoforming
mold (not shown) such as to obtain the central layer 14 and
the reinforcement layers 13, 15. The production line 60
shown 1n FIG. 2 produces several dozen meters of semi-
finished products per minute over a width of several meters.
Rigidifying may be carried out after storage and/or trans-
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portation of the semi-finished product, which facilitates the
panel manufacturing process 10. Alternatively, rigidifying
may be carried out on the same production line 60 climi-
nating steps and cutting 49 and storage 30. Storage 50 can
also be carried out by winding the semi-finished product,
thereby eliminating the cutting step 49.

FIG. 3 illustrates a second example of the manufacture of
the panel 10. In the same manner as for the production line
60 1n FIG. 2, a foam 20 1s wound at the start of the
production line 61. The first step 40 1s to collect the foam 20
to make a roller change without stopping the production line
61. The next step 1s to deposit 42 a thermoformable resin 21
in powder form onto the upper face of the foam 20. The
product thus obtained 1s mtroduced into an impregnation
chamber 30 to create an alternating electric field through the
foam 20 such as to move the thermoformable resin 21 into
the core of the foam 20.

When leaving the chamber 30, the lower face of the foam
20 1s bonded 41 to the lower layers 19 and the upper face 1s
bonded 43 to the upper layers 18. The product obtained
contains all the constituent elements of the final layers 11-17
with eflective impregnation 46 of the thermoformable resin
21 nto the foam 20. The product obtained 1s pressed 47
under heat by calendering between two sets of cylinders to
spread the thermoformable resin 21 into the core of the fibers
and to bond the thermoformable resin 21 that lines the
interior of the cells of the foam. The pressure 1s then released
48 under heat 1n such a way that the foam 20 and the
non-woven 23, 63 can recover volume. To finish, the semi-
fimshed product i1s cut 49 to the desired dimensions then
stacked 50. To complete manufacture of the panel 10, the
semi-finished product i1s thermoformed 1n a thermoforming
mold (not shown).

Unlike the manufacturing method 1n FIG. 2, the elements
constituting the reinforcement layers 13, 15 are bonded to
heat-sealing layers 12, 16 and to external layers 11, 17 on a
specific production line 62. Said production line 62 carries
a non-woven 23 wound at the start of the production line.
The first step 42' 1s to deposit a thermoformable resin 22 1n
powder form onto the upper face of the non-woven 23. The
quantity of thermoformable resin 22 deposited 1s measured
precisely, ranging from 20 to 500 g/m~ for example, as in the
step 42' for depositing thermoformable resin 22, another
non-woven 63 1s added 52 to the upper face of the non-
woven 23. A heat-sealing layer 12 and a decorative layer 11
are then added 54 to the lower face of the non-woven 23 A
heat-sealing layer 16 and a protective layer 17 are also added
53 to the non-woven 63 The product thus obtained is
introduced 1nto an impregnation chamber 30 to create an
alternating electric field through the non-woven 23 such as
to move the thermoformable resin 22 into the core of the
non-woven 23. The product thus obtained 1s pressed 47
under heat by calendering between two sets of cylinders to
spread the thermoformable resin 22 to the core of the fibers
and to set the thermoformable resin 22. The pressure 1s then
released 48 under heat 1n such a way that the foam and the
non-woven 23, 63 can recover volume.

The two non-wovens 23, 63 are then separated 56 to
obtain the constituent elements of the both the upper 18 and
lower 19 layers. Said elements are then used as intermediate
products for steps 41 and 43 of the manufacturing chain 61.
To finish, the final step (not shown) of ngidifying the
thermoformable resin 21 of the semi-finished product makes
it possible to rigidity the thermoformable resin 22 of the
reinforcement layers 13, 15.

In this example, the two reinforcement layers 13, 15
bonded to heat-sealing layers 12, 16 and to external layers
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11, 17 are carried out on the same production line 62 by
combining with the non-wovens 23, 63. Alternatively, the
two reinforcement layers 13, 15 bonded to the heat-sealing
layers 12, 16 and to the external layers 11, 17 can be
manufactured on independent production lines. Alterna-
tively, the number of layers 11-17 or the position of the
external outer layers 11, 17 of panel 10 can be changed
without departing from the scope of the contemplated
embodiments.

The contemplated embodiments thus make 1t possible to
produce a panel 10 for the interior of an automobile that 1s
both lightweight, thermoformable and that absorbs sound-
waves, 1n compliance with safety and compactness obliga-
tions. The flexible and porous material that forms the core
layer may advantageously be a foam made up at least
partially of open cells.

The invention claimed 1s:

1. A method for manufacturing a panel for covering a wall
of a vehicle, soundproofing a wall of a vehicle, or both, the
panel comprising a central layer produced by impregnating
a flexible and porous material with a thermoformable resin,
then rigidifying the thermoformable resin, and two rein-
forcement layers arranged on either side of the central layer,
the impregnation of the flexible and porous material by the
thermoformable resign being carried out deep within the
flexible and porous material by subjecting a powder of said
thermoformable resin to an alternating electric field, the two
reinforcement layers being manufactured using a flexible or
semi-rigid material, the method comprising the following
steps:

depositing the thermoformable resin in powder form onto

the flexible and porous material,

impregnating the thermoformable resin deep within the

flexible and porous material by applying an alternating
clectric field through the flexible and porous material,
and

bonding the thermoformable resin to the flexible and

porous material by softening,

assembling a lower reinforcement layer onto a lower face

of the flexible and porous material after the step of
impregnating the thermoformable resin,
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assembling an upper reinforcement layer onto an upper
face of the flexible and porous material after the step of
impregnating the thermoformable resin,

fabricating the reinforcing layers from a second porous

material,

for each reinforcement layer the method comprises the

following steps:

depositing a thermoformable resin in powder form onto
the second porous material,

impregnating the thermoformable resin deep within the
second porous material by applying an alternating
clectric field through the second porous material, and

bonding the thermoformable resin to the second porous

material by softening.

2. A method according to claim 1, wherein the process
comprises the following steps:

assembling the second porous materials of the reinforce-

ment layers prior to the step of impregnating the
thermoformable resin, and

separating the two second porous materials according to

the step of bonding the thermoformable resin by soft-
ening,

the step of impregnating the thermoformable resin being

capable of impregnating the two second porous mate-
rials.

3. A method according to claim 1, wherein the step
consisting of bonding the thermoformable resin to the flex-
ible and porous material by softeming, comprises the fol-
lowing steps:

heat-pressing the flexible and porous material, and

releasing the pressure such that the flexible and porous

material reinflates.

4. A method according to claim 1, wherein the step
consisting ol depositing the resin 1s carried out by dispersing
it over a face of the flexible and porous material.

5. A method according to claim 1, wherein the step of
depositing and impregnating the resin 1s carried out 1n a
localized manner.
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